We sought to compare urinary and plasma N-terminal pro-brain natriuretic peptide (N-BNP) in left ventricular systolic dysfunction (LVSD) diagnosis. BACKGROUND Plasma N-BNP is elevated in LVSD. Renal tubule cells produce BNP. We tested the incremental value of urinary N-BNP in LVSD diagnosis.
Left ventricular systolic dysfunction (LVSD) is increasingly common in elderly populations and is often asymptomatic. These features support screening for LVSD. Although echocardiography is the criterion standard for diagnosis of LVSD, inadequate access to primary care physicians and expense have limited its application to screening.
Plasma natriuretic peptides, especially the B-type peptides, are elevated in LVSD (1) (2) (3) . Both B-type natriuretic peptide (BNP) and its N-terminal precursor (N-BNP) have been utilized for LVSD exclusion due to their high negative predictive values (NPV). Recent guidelines in Europe and the U.S. have supported this use of plasma BNPs (4, 5) .
We recently reported the detection of N-BNP in urine of patients with LVSD (6) . B-type natriuretic peptide is synthesized in renal tubule cells (7) , so that urine levels may reflect renal synthesis, as well as filtered peptide. Ease of urine, as opposed to plasma sampling, would facilitate community screening. We therefore compared the performance of plasma and urinary N-BNP in the detection of undiagnosed LVSD in a prospective, community study.
METHODS

Recruitment.
Randomly selected men (45 to 80 years of age) and women (55 to 80 years of age) from 21 general practices (stratified by list size and deprivation) in the former Leicestershire Health Authority area (population ϳ1 million) were invited for screening (between September 1999 and May 2002). Excluded were subjects with a previous diagnosis of LVSD or heart failure and those for whom screening was considered inappropriate (e.g., housebound or terminally ill patients). The study was approved by the Leicestershire Research Ethics Committee. Echocardiography. Patients underwent echocardiography and blood and urine sampling. Transthoracic echocardiography was performed by one operator (I.W.L.) in all patients using a Sonos 5500 instrument (Philips Medical Systems, Reigate, Surrey, United Kingdom). A 16-segment wall motion index (LVWMI) based on the American Society of Echocardiography model was calculated as described (3) , and those with a LVWMI score of Ն1.8 (equivalent to a left ventricular ejection fraction (LVEF) of 40%) (3) were considered to have LVSD. Laboratory methods. Twenty milliliters of venous blood or urine was collected into pre-chilled Na-EDTA tubes containing aprotinin. Unextracted plasma and urine were assayed for N-BNP using a noncompetitive immunoluminometric assay, as described (3, 6) . Urinary creatinine was quantified by the Jaffe reaction (6) . Stability of N-BNP in urine. Urinary N-BNP was measured in specimens where the urine was frozen immediately, compared with the same specimens left at room temperature for 24, 48, and 72 h. Cost of different screening strategies. These are based on costs reported by Heidenreich et al. (8) , who performed a cost-effectiveness study of the use of plasma BNP in screening for LVSD. Echocardiographic scans, plasma BNP tests, and electrocardiograms (ECGs) cost $420, $32, and $30, respectively. Statistical analysis. Statistical analysis was performed using SPSS Version 11.0 (SPSS Inc., Chicago, Illinois). The receiver-operating characteristic (ROC) areas under the curve (AUCs) and their associated 95% confidence intervals were estimated. Binary logistic regression analysis was performed with SPSS with the stated variables, including a constant in the model and probability for entry or removal set at p Ͻ 0.05 and p Ͻ 0.10, respectively.
RESULTS
Screening invitations were accepted by 1,360 of 2,392 patients approached. The number of participants with an analyzable echocardiogram and available simultaneous blood and urine samples was 1,308 (Table 1) . The 28 subjects with LVSD as defined earlier (LVWMI Ն1.8 or LVEF Յ40%) had elevated plasma N-BNP and urinary
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ϭ atrial fibrillation AUC ϭ area under the curve IHD ϭ ischemic heart disease LVSD ϭ left ventricular systolic dysfunction LVWMI ϭ left ventricular wall motion index N-BNP ϭ N-terminal pro-brain natriuretic peptide NPV ϭ negative predictive value PPV ϭ positive predictive value ROC ϭ receiver-operating characteristic N-BNP, whether or not corrected for creatinine, compared with normal subjects ( Table 1 ). The LVSD group was older and had more males (Table 1) .
In the 1,280 normal subjects, there was no significant correlation between plasma and urinary N-BNP (r s ϭ Ϫ0.02). On stratification of plasma N-BNP into quartiles, there were no significant differences in urinary N-BNP levels. Although plasma N-BNP rose with age (r s ϭ 0.41, p Ͻ 0.0005), urinary N-BNP fell with age (r s ϭ Ϫ0.08, p Ͻ 0.005). Plasma N-BNP was correlated with creatinine clearance (r s ϭ Ϫ0.357, p Ͻ 0.005), but urinary N-BNP was not (r s ϭ Ϫ0.052, p ϭ NS). The calculated filtered load of N-BNP was not related to the measured urinary N-BNP (r s ϭ 0.031, p ϭ NS). Unlike plasma N-BNP, urinary N-BNP was not dependent on heart rate (r s ϭ 0.01, p ϭ NS) or gender (plasma N-BNP: male 24. Table 2) showed both plasma and urinary N-BNP to be as effective in excluding LVSD, irrespective of correction for urinary creatinine. Although both urinary and plasma N-BNP have a NPV, the specificity and positive predictive value (PPV) of urinary N-BNP were higher than those of plasma N-BNP. Hence, the number of subjects needed to scan to detect one case of LVSD is lower with urine than with plasma N-BNP testing (Table 2) .
Ejection fractions were available from 1,037 subjects, 29 of whom had values under 40%. The ROC-AUCs for detection of ejection fraction Ͻ40% using plasma and urine N-BNP were 0.830 and 0.833, respectively. These values resemble those for detecting a LVWMI Ͼ1.8 for the whole population (Table 2) .
A history suggestive of heart failure (e.g., dyspnea or exercise intolerance) was not useful in diagnosing LVSD *Predicted probability from logistic model. †Figures refer to plasma N-BNP tests in the 490 urine-"positive" cases only. Total number of echocardiograms needed (% of initial population) and number of subjects that have to be scanned in order to detect a case of heart failure are also reported. The ROC-AUCs for the logistic model and the plasma/urinary N-BNP product are reported. Finally, the same parameters are reported for sequential application of urine (cut-off 10.7 fmol/ml) followed by plasma N-BNP tests on those urine-"positive" cases are described. A sensitivity of 96.4% will miss one case of LVSD. The final column reports the probability of LVSD (from Bayes theorem) when a positive test was detected. CI ϭ confidence interval; NPV ϭ negative predictive value; PPV ϭ positive predictive value; ROC-AUC ϭ receiver-operating characteristic area under the curve; other abbreviations as in Table 1 .
Ng et al. April 5, 2005 April 5, :1043 Screening for Heart Failure Using Urine N-BNP (ROC-AUC 0.59). Sensitivity was poor at 32.1%, although the specificity was 89.7%. Regression analysis. Variables included in binary logistic regression analysis for LVSD are reported in Table 3 . Independent predictive factors for LVSD included plasma N-BNP, urinary N-BNP, and male gender, accounting for 41.4% of the variance (Nagelkerke r 2 , p Ͻ 0.0005). The ROC-AUC plotted from the calculated probabilities of the model, associated specificity, sensitivity, PPV, and NPV are reported in Table 2 . Variables in logistic regression equations are multiplied to calculate log e (odds ratio). The product of the urinary and plasma N-BNP level was thus examined ( Fig. 1 and Table 2 ) as a simplified LVSD predictor. Both the logistic model and this product yielded higher specificity and PPV for detection of LVSD than either plasma N-BNP or urinary N-BNP considered alone, while maintaining a high NPV, hence effectively reducing the number of subjects needed to scan in order to detect one case of LVSD. Application of sequential tests. We sought to minimize the number of N-BNP tests needed for LVSD detection. The higher specificity of urinary N-BNP suggested its use as a first-line LVSD screening test. In order to detect 100% of the cases, the cut-off level for urinary N-BNP was determined from ROC curves to be 10.7 fmol/ml. A total of 490 subjects had a positive urinary N-BNP test, including all 28 LVSD subjects. There was no significant correlation between plasma and urinary N-BNP in the subjects with or without LVSD (r s ϭ 0.002 and 0.283, respectively; p ϭ NS) (Fig. 2) . Plasma N-BNP was elevated in LVSD subjects (360. (Table 2) , with PPV and the number of cases needed to scan to detect one case of LVSD very similar to that in the logistic model or plasma/urinary N-BNP product for all subjects. Only one subject with LVSD who was urinepositive was below this plasma cut-off point. Sequential testing (i.e., applying urinary N-BNP tests for all samples and then testing for plasma N-BNP in those with urinary N-BNP Ͼ10.7 fmol/ml [ϳ37.5% of plasma specimens]) would achieve rates of detection and echocardiography usage similar to those in the logistic model or the plasma/ urinary N-BNP product ( Table 2) . Application of tests to high-risk subjects. For those with a history of ischemic heart disease (IHD; n ϭ 103, of whom 11 had LVSD), both plasma and urinary N-BNP ROC curves had reasonable AUCs (0.799 and 0.797, respectively). Another high-risk group would be those Ͼ65 years of age with hypertension or IHD. Of 699 subjects in this group, 23 had LVSD. The ROC curves and other data for plasma and urinary N-BNP, as well as the product of these two parameters, are presented in Figure 3 and Table 4 . Specificities and PPVs of the urinary tests are better than those of the plasma N-BNP tests, and both are higher than when the same tests are applied to the whole population. The plasma/urinary N-BNP product yielded the highest specificities and PPVs, enabling detection of one case of LVSD with about seven scans. We examined ROC curves for other high-risk groups in whom an echocardiogram was warranted (such as various combinations of the presence of IHD, hypertension, diabetes mellitus, LVH, AF, or valve disease) ( Table 5 ) and compared them with the remainder of the population (in whom there was no a priori reason for an echocardiogram). The ROC areas and specificities for urine or plasma N-BNP in both the population in whom echocardiography was warranted and in those with no such indication were very similar (Table 5 ). Urinary N-BNP had better specificities and a lower number of cases to be scanned than plasma N-BNP in every population considered. Only slight improvements in specificity and the number of cases to be scanned were evident with the plasma/urinary N-BNP product. Cost of different screening strategies. We examined the costs of different screening strategies compared with obtaining echocardiograms for the whole population (strategy A, Table 6 ). Strategy B (measuring plasma N-BNP in the whole population and scanning those with positive results) had previously been shown to be cost effective (9) . Use of urinary N-BNP (strategy C) saves about one-third of the cost of strategy B. Further savings are possible by either using the plasma/urinary N-BNP product in all patients (strategy D) or testing urinary N-BNP first and then performing the plasma N-BNP test on the urine-positive cases (strategy E). In strategy F, G, and H, all patients with IHD or other conditions that would warrant an echocardiogram are scanned, and urinary N-BNP tests applied to the remainder. All these strategies are actually more costly than performing urinary N-BNP tests on the whole population, mainly because only 4% to 10.7% of the group who warrant a scan had LVSD, and echocardiography is relatively more expensive than the N-BNP test (Table 5) . Detection of other cardiac abnormalities in those with preserved systolic function. Other cardiac abnormalities in subjects with preserved systolic function (LVWMI Ͻ1.8 or LVEF Ͼ40%) included AF (n ϭ 14), LVH by ECG (n ϭ 115), and occult valvular abnormalities (moderate or severe mitral regurgitation or aortic stenosis, n ϭ 8). Table 7 documents the ROC-AUCs for detection of these individual abnormalities, as well as when all were combined. Plasma N-BNP showed significant ROC-AUCs for detection of AF and valvular abnormalities that were not replicated with urinary N-BNP. Neither test was clinically useful for detection of LVH. For detection of a combination of LVSD, AF, or valvular abnormalities, both plasma and urinary N-BNP had significant ROC-AUCs, although plasma N-BNP performed better than urinary N-BNP. Stability of N-BNP in urine. Urinary N-BNP was stable for 24 h at room temperature (Fig. 4) . However, degradation was evident within 48 and 72 h of storage at room temperature (n ϭ 6, p Ͻ 0.02 by the Bonferroni test for Table 4 . Total number of echocardiograms needed (% of at-risk population) and number of subjects that have to be scanned in order to detect a LVSD case are reported. High-risk individuals numbered 699, of whom 23 had LVSD. A sensitivity of 95.7% would miss one LVSD case. Abbreviations as in Tables 1 and 2 .
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Screening for Heart Failure Using Urine N-BNP Table 5 . Specificities for diagnosis of systolic heart failure at sensitivities of 92.3% to 94.7% sensitivities are reported in [brackets] . At this level of sensitivity, one case of LVSD will be missed. The number needed to scan (NNTS) to detect one case of LVSD is reported in {brackets}. AF ϭ atrial fibrillation; LVH ϭ left ventricular hypertrophy; MI ϭ myocardial infarction; other abbreviations as in Tables 1 and 2 . Tables 1 and 2. both). Urine stored for two weeks at Ϫ70°C showed no evidence of degradation.
DISCUSSION
This prospective study assessed the utility of urinary and plasma N-BNP for community screening of previously undiagnosed LVSD. Urinary N-BNP was only detectable in 45.8% of the population, which included all cases of LVSD. The source of urinary N-BNP is unknown, although as a small molecule (ϳ8 kd), it is likely to be filtered through the glomerulus. It is possible that the filtered or secreted peptide could be either partially degraded or reabsorbed within the renal tubules, leading to a lack of correlation between filtered load of N-BNP and measured urinary N-BNP. Our previous study on hospitalized patients with New York Heart Association functional class IV heart failure (6) who had very high plasma and urinary N-BNP levels demonstrated a modest correlation between urinary and plasma N-BNP. This finding was not confirmed in the present study involving less symptomatic patients who had lower plasma and urinary N-BNP values. Totsune et al. (9) reported increased urinary excretion of BNP in patients with impaired renal function. In vitro, renal tubule cells may produce BNP (7) . Taken in conjunction with our findings, urinary N-BNP may reflect both filtered plasma N-BNP (produced from the myocardium) and renally produced N-BNP. The latter may be a surrogate marker of systolic dysfunction, although the actual mechanisms regulating renal N-BNP production need to be further investigated.
For example, volume loading may lead to increased urinary N-BNP excretion (10) . Urinary N-BNP performs as well as plasma N-BNP for excluding LVSD. The specificities we report are similar to those in the literature (3, 4) . Due to its higher specificity and PPV, the number of positive cases subsequently requiring echocardiography is less than that if plasma N-BNP were employed as the first investigation. The reasons for the improved performance of urinary compared with plasma N-BNP include the lack of a relationship with age, gender, or heart rate.
Ease of urine sampling without the need to consider ageand gender-dependent normal ranges are advantages relevant to consider in a screening program. Our present data on urinary N-BNP suggest it is stable for 24 h at room temperature, although prolonged storage at room temperature leads to degradation. It is therefore recommended that both urine and plasma specimens be frozen within 24 h of collection for analysis.
Both urinary and plasma N-BNP have an independent predictive value for LVSD detection in logistic modeling. A similar outcome could be obtained by the plasma/urinary N-BNP product. However, the most cost-effective strategy would be to apply these tests sequentially, using the urinary N-BNP test first to rule out LVSD and then subjecting the urine-positive cases to plasma testing. This minimizes the number of assays needed but achieves similar specificity, PPV, NPV, and number of scans to detect one LVSD case as testing both specimens in all subjects.
It has previously been concluded that screening with plasma BNP has a cost-effectiveness similar to other accepted health interventions (Ͻ$50,000 per quality of life adjusted year gained), provided the prevalence of LVSD exceeds 1% of the population (8) . Based purely on the cost of the screening program, testing urinary N-BNP with or without the plasma N-BNP may be less costly than a program based on plasma N-BNP alone. Focusing on high-risk groups was not cost-effective.
When detection of other cardiac abnormalities in those with preserved systolic function was considered, plasma N-BNP 
